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SORBENT CARTRIDGE FOR SOLID PHASE EXTRACTION 

Background of Invention 

[0001] The present invention relates to a sorbent cartridge especially useful for solid 
phase extraction but having applicability in other areas. Solid Phase Extraction (SPE) is a 
widely used sample preparation/purification technique applied for complex samples such as 
natural product extracts and body fluids. This technique uses small separation columns 
(cartridges) which contain a layer of sorbent material. The components of a sample passed 
through this layer of sorbent material are either retained on the surface of the sorbent material 
or pass through the sorbent material unretained. The nature of the sorbent material is usually 
chosen such that the components of interest are retained in the sorbent cartridge and those 
that pass through are either not of interest, or the failure to be absorbed indicates the absence 
of a particular component. The absorbed component is released during a later processing 
step for subsequent processing and/or analysis. 

[0002] Commercially available SPE cartridges are available in various sizes, usually with 
an internal diameter of 5 mm and up, an intemal volume of minimum 1 ml and contain 100- 
200 mg of sorbent material. In exceptional cases such cartridges can hold 25-50 mg of 
sorbent. Recently released SPE equipment operates plastic plates with 96 wells, each well 
containing 10-15 mg of sorbent material. 

[0003] SPE cartridges are made by placing a first porous disk or glass or silicone wool at 
the bottom of the cartridge and then filling the sorbent material from top of the cartridge. 
The layer of sorbent material is kept in place with a second porous disk placed on top of the 
sorbent material. During use, the fluid sample, the wash and the extraction fluids are passed 
through the SPE cartridge from top to bottom, i.e. in the direction of gravitational forces. 
The fluid sample penetrates through the layer of sorbent material due to gravitation or 
centrifugation, or because of pressure or vacuum applied to the cartridge with various 
accessories, but the direction of flow is along the direction of gravity from the top to the 
bottom and then out an opening in the bottom. 
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Summary of Invention 

[0004] i An improved sorbent cartridge for use in preparing fluid samples for chemical 
analysis is provided by placing sorbent into a pipette tip at its distal end and sucking fluid to 
be analyzed into the sorbent with a setter. This mode of use reverses the fluid flow of a 
normal sorbent cartridge. The sorbent cartridge is formed from a pipette tip having a 
longitudinal axis and a tip with tapered interior having walls defining a cavity extending 
along the axis and opening at a distal end of the tip. A porous barrier is placed in the tapered 
cavity at a predetermined location in the tip to define a sorbent volume between the barrier, 
the cavity walls and the opening at the distal end of the tip. The barrier allows processing 
fluids to pass through the barrier. A sorbent material is placed in the sorbent volume. The 
sorbent material is preferably selected for use in chemical analysis and the barrier being 
selected to prevent passage of the sorbent material. This construction is adapted for use by 
applying a reduced pressure to draw or suck the fluid to be analyzed against the direction of 
gravity, through the tip of the pipette, through the sorbent and then through the barrier filter. 
This cartridge is especially suitable for preparing samples for chromatographic analysis, but 
has broader applicability. 

[0005] Variations to this basic sorbent cartridge can be made. These variations include 
the addition of means for exerting suction on the pipette to draw processing fluids through 
the opening in the tip, through the sorbent material and through the filter. A manually 
operated syringe structure or a pipette can achieve this. The syringe preferably comprises a 
setter in fluid communication with a second opening opposite the opening in the distal end. 
The setter is configured to mate with the second opening to place a first cavity in the setter in 
fluid communication with the filter. A plunger is slidably received in a second cavity in the 
setter and placed in fluid communication with the first cavity. The plunger and first cavity 
are sized relative to each other so as to create a suction sufficient to draw fluid from the 
opening in the tip into the cavity in the setter when the plunger slides in the second cavity. 
[0006] Preferably, the size of the opening in the tip is from about 2 to about 10 times the 
size of the material used in the sorbent material. Further, the sorbent material is placed in the 
cartridge by drawing a mixture of a solvent and the sorbent material through the opening in 
the distal end of the tip, with the solvent passing through the filter to leave the sorbent in the 



sorbent volxime. The sorbent material itself preferably has a coating of a solvent that is 
sticky enough to cause sorbent material to stick together and resist passage out of the opening 
in the tip. The solvent is preferably one of glycol or ethylene glycol, which do not adversely 
affect most analytical methods. 

[0007] Advantageously, the sorbent volume comprises a tapered volume tapered toward 
the distal opening, and the porous barrier comprises a frusto-conical filter of similar shape, 
aligned to fit into and wedge into the tapered volume. 

[0008] Another aspect of this invention comprises an apparatus for analysis of fluid 
samples, preferably for use in chromatography. The apparatus comprises a hollow tip having 
an opening in a distal end and means in the tip for retaining a porous barrier at a 
predetermined location to define a sorbent volume between the barrier and the opening in the 
hollow tip. A sorbent material is retained in the sorbent volume by the porous barrier, with 
the barrier allowing passage of fluids but not the sorbent material, during use of the apparatus. 
Suction means are placed in fluid communication with the hollow tip to suck fluid through 
the opening in the distal end and through the sorbent material and porous barrier. 
[0009] The invention further comprises a method of forming a sorbent cartridge. A 
porous barrier is placed at a predetermined location in a hollow tip of a pipette to define a 
sorbent volume between the barrier and opening in a distal end of the tip. A slurry of sorbent 
and a fluid is sucked or drawn into the sorbent volume through the opening in the distal end 
of the tip until the volume is filled with sorbent. The solvent is further sucked through the 
barrier while the barrier prevents passage of the sorbent. The solvent is selected so that it 
does not degrade later use of the sorbent for chemical analysis. This method advantageously 
allows the fast formation of a sorbent cartridge with a high accuracy of the sorbent volume. 
[0010] This basic method is further varied by sucking a washing fluid through the 
opening, sorbent and barrier to remove undesired materials fi*om the sorbent. Additionally, at 
least one cap can be placed on the tip to help prevent degrading the performance of the 
sorbent. The method further comprises the step of placing a syringe suction device in fluid 
communication with the tip to exert a reduced pressure that draws fluids through the opening, 
sorbent and barrier and into the syringe. Alternatively, the method can comprise the step of 
placing a syringe device in fluid commimication with the tip to exert a positive pressure that 



forces fluids through the barrier, sorbent and opening. As with the apparatus, the method 
preferably leaves a coating on the sorbent that causes the sorbent material to stick to each 
other and resist falling out of the opening. That coating is achieved by using a solvent 
selected from the group comprising glycol and ethylene glycol. 

[0011] There is also provided an improved method of forming and using the sorbent 
cartridge for chemical analysis. This method allows easy formation followed by immediate 
use, which has advantages in some applications. This method comprises the steps of placing 
a porous barrier at a predetermined location in a hollow tip of a pipette to define a sorbent 
volume between the barrier and opening in a distal end of the tip and sucking a slurry of 
sorbent into the sorbent volume through the opening in the distal end of the tip until the 
volume is filled with sorbent and sucking the solvent through the barrier while the barrier 
prevents passage of the sorbent. The solvent is selected so that it does not degrade later use 
of the sorbent for chemical or chromatographic analysis. A fluid sample to be analyzed is 
then sucked through the opening and into the sorbent to interact with the sorbent. Most of 
the fluid sample is withdrawn through the barrier except for the components retained on the 
sorbent. Advantageously, the sample components retained on the sorbent can be extracted 
from the sorbent by passing another fluid thorough the sorbent, by collecting this fluid in the 
setter and by transferring it into a removable container for further analysis or processing. 
Alternatively, by applying a positive pressure through the barrier into the sorbent the sorbent 
can be expelled out the opening for further analysis or processing of the sorbent after it has 
interacted with the fluid sample. In this case the directing of fluid flow is in the direction of 
gravitational forces. 

[0012] The above methods and apparatus provide many advantages. One advantage of 
this invention is to provide a sorbent cartridge, which is made of commercially available 
pipette tips, or a similar conical body holding a small volume of sorbent material in the tip. 
[0013] Another advantage of this invention is to provide a cartridge used for SPE filled 
with a sorbent underneath a porous layer that keeps the sorbent material in place during the 
filling of the tip and after the tip has been filled. 

[0014] Another advantage of this invention is to provide a cartridge, which may release 
the sorbent into a vial or reaction vessel for further sample preparation and/or analysis. 



[0015] Another advantage of this invention is to provide a sorbent cartridge, which may 
be made by an automated sample preparation instrument right before use in the shortest time. 
[0016] Another advantage of this invention is to provide a sorbent cartridge, which 
allows for small sample volumes to be prepared for analysis by requiring small amounts of 
reagents and by reducing sample dilution to minimum. 

Brief Description of the Drawing 

[0017] These and other features, advantages and objectives of this invention will be 

better understood by reference to the following description and the drawings, in which like 

numbers refer to like parts throughout the description, and in which: 

[0018] Figure 1 is a perspective view of a pipette assembly of this invention; 

[0019] Figure 2 is a partial sectional view of a tip of the assembly of Figure 1 ; 

[0020] Figure 3 is a partial sectional view of an alternate embodiment of the tip of the 

assembly of Figure 1; and 

[0021] Figure 4 is a partial sectional view of a tip assembly of Figure 1 showing the 
sorbent with a stickey layer thereon. 

Detailed Description 

[0022] Referring to Figure 1, a pipette 10 has a tubular portion 11 ending in a distal, 
hollow tip 12. Such pipettes 10 are made out of plastic, usually polypropylene, and have 
volumes ranging between 10 microliter up to several milliliters. The hollow tip 12 defines a 
cavity into which a sorbent barrier is placed. The sorbent barrier prevents passage of a 
sorbent material but allows passage of fluid. As used herein, fluid comprises liquids and 
gases, but the primary and preferred use of this invention is with liquids. In the illustrated 
embodiment, the sorbent barrier comprises filter disk 14 placed in the tip 12. The filter disk 
14 separates the cavity into a first, distal volume or space 16 between a distal end 18 of the 
tip 12, and the filter 14, and a second volume or space 20 located between the filter disk 14 
and the entrance 22 of the pipette. The size of the spaces or volumes 16, and 20 will vary 
depending on the size and location of the filter 14 and also on the total volimie of the pipette 
tip. Advantageously, the space 16 forms part of a tapered cavity extending along the length 
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of the distal end 18 of pipette 10, with the taper being uniform and symmetric about a 
longitudinal axis 21 of the tip 12. In short, the volume 16 preferably forms a conical shaped 
hollow, although other cavity shapes can be used. An opening 19 is formed in the distal end 
18. 

[0023] A porous boundary is to retain the sorbent material 26 while allowing the fluids to 
pass. The form and composition of the porous boundary will vary with the configuration of 
the surrounding structure, but in the illustrated embodiment the porous boundary is achieved 
by filter disk 14. The size of the filter disk 14 is tailored such that it can be inserted into the 
pipette tip 12 up to a certain depth and frictionally engage the interior walls of the tip 12 to 
remain in position during use. The filter 14 is preferably inserted from the entrance 22 and 
urged toward the distal end 18. The fiUer 14 is preferably finsto-conical in shape, having a 
larger diameter and a smaller diameter, and preferably tapered at an angle that coincides with 
that of the tapered volume 16. It can be of variable length, but is preferably short, with a 
length of about 2 mm along the longitudinal axis 21 being believed suitable for smaller 
diameter filters 14. The filter 14 is configured or sized so that it wedges into place at a 
predetermined location in the tip 12, in order to provide a distal space 16 of a predetermined 
volume. Thus, the position of the filter 14 along the longitudinal axis 21 can determine the 
volume 16 in the tip 12. In this illustrated embodiment, the depth of penetration of the filter 
14 along the longitudinal axis 21 thus depends on the diameter of the disk 14, which is used 
to limit the volume 16 to be filled with sorbent material. The filter 14 is preferably made of 
porous polyethylene, although it could be made of other porous materials such as glass wool. 
[0024] In more detail, and referring to Figures 1-2, the positioning of the filter disk 14 
along the longitudinal axis 21 of pipette tip 12 is precisely defined so that the volume 16 
delimited by the filter disk 14, the walls of the pipette tip 12 and the distal end 18 of the 
pipette tip 12,. are all controlled. This volume or space .16 defines the amount of sorbent 
material 24 that is held by the sorbent cartridge. This volume 16 advantageously ranges 
between 10 microliter up to 1 milliliter, although other volumes are possible but may require 
more customized pipette tips. 

[0025] The filter 14 may be inserted into the pipette tip 10 by various ways that position 
the sorbent barrier, illustrated here by filter 14, at the desired location and that preferably 
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fasten the filter 14 in position. Advantageously, the filter 14 is inserted by placing the larger 
end of the filter 14 onto a distal end 26 of setter 28 (Figure 1) and inserting the setter 26 and 
filter 14 into the entrance of the pipette 10 until the filter wedges into the interior of the 
pipette tip 12. A narrow rod could also be used to push the filter 14 into position. If desired, 
markings on the setter 26 could be used in connection with the location of the opening 22 of 
the pipettei 10, or a mark on the pipette 10, in order to indicate the appropriate insertion 
distance. 

[0026] The tip 12 of the pipette 10, when fitted with filter 14 to define the distal volume 
16, forms an empty sorbent cartridge 27. 

[0027] The chemical nature of sorbent material 24 will vary with the sample to be 
analyzed. The sorbent material 24 typically comprises small, uniformly sized spherical 
media of silica or polymeric resin or other material onto which are bonded various chemical 
coatings. Preferably, the sorbent material 24 is added after the sorbent barrier, shown as 
filter 14, is positioned to define the distal volume 16. Preferably, the pipette 10 is placed 
onto the setter 26 similar to a needle placed onto a syringe. The setter 26 acts as a syringe 
body, and a plunger 40 acts as the plunger to exert a sufficiently low pressure or vacuum to 
draw fluid into the needle and syringe body. Before describing the use, a fiirther description 
of the plunger 40 and setter 26 are provided. 

[0028] Referring to Figure 1, the setter 26 is tubular, with a cavity 36 extending along its 
longitudinal axis. The cavity 36 preferably forms a cylindrical cavity 36a for the length of 
the cylindrical outer diameter 30 and through the enlarged end 29. The cavity 36 preferably 
forms a tapered cavity 36b for the portion corresponding to the tapered end 31 of setter 26 
and at the same taper angle. A distal end 38 of the setter 26 preferably has an opening 39 in 
communication with the cavity 36. 

[0029] The plunger 40 is shaped to correspond with at least a part of the cavity 36, and 
preferably for all of it when the plunger 40 is inserted into the cavity 36. The plunger 40 has 
a handle 42 at one end. A central portion 44 of the plunger is cylindrical and sized to form a 
close fit with the cylindrical portion 36a of cavity 36, a fit tight enough to draw a vacuum as 
the plxmger 40 is withdrawn fi-om the cavity 36a. The other end 46 of plxmger 40 is tapered, 
preferably to correspond to the tapered end 36b of cavity 36. The plunger 40 is shaped to act 
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as a plunger for a syringe, with the setter 26 acting as the syringe. An enlarged end 29 can be 
placed on the setter 26 to make it easier to draw the vacuum by relative movement of the 
plunger 40 and setter 26. 

[0030] To load sorbent 24 into the cavity 16, the distal end 18 of the pipette tip 12 is 
immersed into a mixture made of the appropriate sorbent material and a solvent. A 
heterogeneous mixture of a sohd (sorbent) and a liquid (solvent) is also referred to as a slurry 
and that term will also be used herein. The plunger 40 is then slowly withdrawn from the 
syringe body (setter 26) causing the slurry to fill the volume 16 under the porous boundary 
formed by filter 14. The solvent from the mixture passes through the filter 14 while the 
sorbent 24 does not, thus allowing the sorbent 24 to accumulate below the filter in the 
volume 16. The plunger 40 is withdrawn until the space 16 xmder the porous boundary is 
completely filled with sorbent material at which time the distal end 18 is withdrawn from the 
slurry. The plunger 40 is fiirther withdrawn and exerts fiirther suction until the slurry liquid 
is evacuated from the accumulated sorbent bed contained in the volume 16. The plunger 40 
and syringe (setter 26) can then be withdrawn from the pipette 10, as the suction from the 
plunger 40 maintains the slurry liquid in the body of the setter 26. The slurry liquid can then 
be discarded after removing the sorbent cartridge and by pushing the plunger 40 into the 
setter 26 to squirt the slurry liquid out the opening 39 in the distal end 38 of the setter 26. 
Next the setter (26) will be reinserted for immediate use. Such setters 26 and plungers 40 are 
commercially available for use with pipettes 10. 

[0031] The sorbent cartridge 27 prepared in this manner may be used immediately or can 
be stored for later use. The solvent used for slurry preparation has to meet certain 
requirements in order to insure proper filling of the cartridge and also to prevent sorbent loss 
during storage and use. The slurry must not interfere with the intended use of the sorbent. 
Thus, the slurry solvent is preferably chemically inert with the intended chemicals used later 
with the sorbent or with the sample components interacting with the sorbent during use. To 
make filling easier, it is preferred that the sorbent has about the same density as the mixture 
solvent so the sorbent 24 floats in the solvent. Further, the slurry solvent preferably wets the 
sorbent. A slurry solvent with low vapor pressure, that does not quickly evaporate, is thus 
preferred. The slurry solvent also preferably makes the sorbent slightly sticky so the sorbent 
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sticks and clumps together so it does not readily fall out of the opening 19 in the distal end 18 
of the tip 12. Finally, the slurry solvent must pass through the sorbent barrier 14. Glycol or 
ethylene glycol are believed to be suitable slurry solvents for many sorbents. 
[0032] Referring to Figure 2, when the pipette 10 has the volume 16 filled with sorbent, a 
filled sorbent cartridge 27 is formed. Depending on the suction applied by the plunger 40, 
the sorbent 24 can be packed into the volume 16 to varying degrees. The sorbent 24 
advantageously substantially fills all of the volume 16, and is packed tight enough so that 
sorbent 24 does not fall out of the opening 19 in the distal end 18 of the pipette tip 12. As 
mentioned above, using a solvent that leaves the sorbent slightly sticky can help the sorbent 
fi"om unintentionally leaving the sorbent volume 16. The sorbent volume once filled will 
hold about 50-60% solid sorbent. The remaining portion of the sorbent volume 16 comprises 
the empty, interstitial space between the particles that comprise the sorbent 24. It is difficult 
to pack more than that amount of granular material in a volume without crushing the material. 
If less than that amount is packed in to the volume, the packing is so loose that it falls out. 
[0033] The filled cartridges 27 may be capped at one or both ends 22 and 18 in order to 
preserve the sorbent bed for protracted periods of time. Suitable caps 32, 34 are illustrated 
schematically in Figure 2, placed over the ends 18 and 22, respectively, although other forms 
of caps or sealants can be used. The caps can thus take various shapes such as the hollow, 
cup-like caps illustrated, and are made of material that does not affect the intended use of the 
sorbent 24. Polyethylene is one example of a cap material. The cap 34 over the end 22 of 
the pipette 10 is not needed if the plunger (setter 26) is inserted into the pipette 10, as the fit 
between the outer cylindrical portion 30 and the inner cylindrical portion 1 1 is close enough 
to form a seal. 

[0034] Advantageously, commercially available pipette tips are used. It is preferable that 
the opening 22 to the pipette be standard size such that conventional commercially available 
pipettes, setters or automated liquid dispensing devices be attached to the sorbent cartridge 
12. Further, it is preferable that the small opening 19 at the distal end 18 be slightly larger 
than normal to make it easier to load the sorbent slurry, with the size of the opening 19 in the 
end 18 varying depending on the nature of the, sorbent 24 and in particular depending on the 
size of the media particles used in the sorbent. 
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[0035] The standard pipette tip has an opening in end 18 of 0.5 mm (0.02"). The 
preferred size of the opening 19 for the present appUcation is about 0.8 mm (0.032"). The 
preferred opening 19 in end 18 is thus about 50% larger than the standard opening in the 
pipettes 10. This preferred size of opening 19 is about 3 to 10 times larger than the size of 
the sorbent material 24, which is typically comprised of generally uniformly sized spheres. 
Thus, it is preferred that the opening 19 be at least 2 time the size of the largest media used in 
the sorbent material 24, and preferably from 3 to 10 times larger. Larger sizes of opening 19 
can be used, but with greater risk that the sorbent material 24 will fall out. If desired, a 
retainer frit or screen can be fastened over the end of the opening 19 after the sorbent 
material 24 is placed in the volume 16. But that hinders the ability to expel sorbent 24 from 
the sorbent volume 16 in some analytical applications. 

[0036] The resulting pipette cartridge 27 has a small volume of sorbent 24 in the 
cartridge 27. The placement of that sorbent 24 in the pipette tip 12 makes it very easy to use. 
A description of one example of the use of this invention will help illustrate the advantages 
of the cartridge 27. The distal end 18 of a sorbent cartridge 27 is placed onto a setter 26 and 
the distal end 18 immersed into a sample of body fluid such as serum. A volume of sample is 
withdrawn by pulling on the plunger 40 to suck the serum into the cartridge 27. The suction 
causes the serum to pass thorough the layer of sorbent material 24 by slowly withdrawing the 
plunger 40 of the setter 26. The free amino acids present in the serum sample are retained on 
the surface of the sorbent material 24 in the cartridge 27 as the serum passes over the sorbent 
material. Once a sufficient sample is withdrawn and passed through the sorbent material 24, 
the distal end 18 is withdrawn from the serum. The plunger 40 is withdrawn enough to suck 
the serum through the sorbent material 24 and through the filter 14. The distal tip 38 of the 
setter 26 is adjacent the filter 14 and the serum passes into the cavity 36 in the body of the 
setter 26. The setter 26 and the remnants of the serum in the setter 26 can then be removed 
from the pipette 10. Pushing on the plunger 40 creates a positive pressure that causes the 
remnants of the serum to be expelled from the setter 26. The remnants of the serum can be 
discarded, or placed in a vial for fixrther use, depending on the analytical process being used. 
[0037] After discarding the remnants of the serum from the setter 26, the setter 26 may 
be immediately inserted in to the pipette 10 for subsequent use, or it may be washed by 
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withdrawing the plunger 40 to suck a cleaning fluid into the cavity 36 of the setter 26 and 
then expelling the cleaning fluid by pushing on the plunger 40. 

[0038] Next a washing solution is passed through the cartridge 28 by placing the distal 
end 18 in a washing solution and withdrawing the plunger 40 to suck the cleaning fluid 
through the sorbent bed 24, through the filter 14 and into the cavity 36 of the setter 26. The 
washing step is used to help remove sample droplets trapped between sorbent particles. The 
washing step can be repeated as needed. 

[0039] In the next step of the illustrative process the amino acids retained on the sorbent 
material are released by extraction with an appropriate solvent. Thus, a solvent is drawn by 
suction into the cartridge 27, through the sorbent bed 24 to create an amino acid extract that 
passed through the filter 14 and into the cavity 36 of the setter 26. The amino acid extract is 
expelled from the cavity 36 of the setter 26 by pushing the plimger 40 to expel the extract 
from the opening 39 in the setter. The extract can be expelled into a vial or other desired 
receptacle or location for further analysis or for further preparation for analysis. 
[0040] Altematively, the extraction step may be performed in a vial after the sorbent 
material 24 is expelled from the cartridge 27 into the vial. This can be accomplished by 
filling some fluid into the cavity 36 of the setter 26, inserting the setter 26 into the pipette 10, 
depressing the plunger 40 to pass the fluid through the filter disk 14 toward the distal end 18 
of the cartridge 27 - which is in the opposite direction used to fill the cartridge. A 
sufficiently high positive pressure caused by the plunger 40, will expel the sorbent 24 out the 
opening 19 in the distal end 18 of the pipette tip 12, into the desired location or vial 
[0041] The use of readily available components such as the pipettes 10, setter 26 and 
plunger 40 provides a cost effective apparatus. Equally important is that the volume of the 
sorbent 24 can be accurately varied from very small volumes to much larger volumes. This 
allows the efficient use of small volumes of sample and sorbents. It also reduces waste; 
saves reagents used in subsequent sample preparation. The operation of the plunger 40, 
setter 26 and pipette 10 is easily achieved, and it allows manual control over the process. 
Further, while it is preferred that the sorbent bed 24 remain in the cartridge 27 and the 
various analytical chemicals be sucked through the bed by withdrawing plunger 40, it is 
possible to eject the sorbent bed 24 from the cartridge 27 for exhaustive extraction. This 



provides a versatile way of processing, or partially processing samples. Moreover, the 
preferred conical shape of the sorbent volume 16 is believed to provide efficient fluid flow as 
the fluid enters a small area and is drawn by reduced pressure to a larger surface on the upper 
end of the conical sorbent volume 16. 

[0042] The illustrated embodiment uses a tapered cavity to form the volume 16, and a 
conical filter 14 to form the porous barrier that retains the sorbent 24 while allowing fluids to 
pass. Other arrangements are possible. For example, referring to Figure 3, the interior of the 
pipette tip 12 could comprise cylindrical segments having diameters that decrease toward the 
distal end 18 with a tapered, conical end at the distal end 18 of the pipette tip 12. A 
cylindrical filter 14a rests on the ledges formed by the steps to position the filter 14a along 
the longitudinal axis 21. By selecting the filter 14a of an appropriate diameter, the position 
of the filter along the axis 21 can be controlled. The steps can be located at predetermined 
intervals to make it easy to determine the volume 16 of the sorbent bed 24. The disadvantage 
of this construction is that it requires special manufacturing of the pipette tip 12, whereas the 
preferred embodiment uses conventional pipette tips 12 or slight variations of those pipette 
tips, and that helps reduce costs. 

[0043] In the above embodiments, the opening 19 in the distal end 18 is smaller than the 
filter 14, 14a, and the cross-secfional area at the filter 14, 14a is larger than the cross- 
secfional area of the opening 19 in distal end 18 of the pipette tip 12. This results in a 
sorbent volume 16 that narrows toward the opening 19 in the distal end 18, with the 
narrowing preferably being a imiform taper, like in a cone. That narrowing causes the 
sorbent 24 to wedge toward the narrower opening 19 in distal end 18, which helps the 
sorbent 24 to stick together and not fall out the opening 19 under the influence of 
gravitational forces. The narrower opening 19 in the distal end 18 is also selected to hinder 
the sorbent 24 fi-om falling out of the volume 16 under the influence of gravity. If a volume 
16 is used that does not have a tapered shape, the volume 16 preferably still has a narrow 
opening in the distal end 18 to help retain the sorbent 24 in the volume 16, and preferably has 
at least a slight taper immediately adjacent that opening in distal end 18 to provide a slight 
wedging action on the sorbent 24. As described above, the size of the opening 19 in the 
distal end 18 is has to be larger than the largest particle in the sorbent 24 in order for the 
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sorbent to enter the volixme 16, but the opening is preferably only a few times larger than the 
largest dimension of the particles comprising the sorbent 24 as that helps hinder the particles 
from falling out of the volume 1 6 under the force of gravity. 

[0044] The above methods and apparatus provide many advantages. The sorbent 
cartridge 27 can be made of conmiercially available pipette tips or a similar conical body 
holding a small volimie of sorbent material in the pipette tip, although preferably slight 
modifications are made to the pipette tips as described herein. The use of commonly 
available parts, or modifications of such commonly available parts, reduces costs while 
allowing a high repeatability and accuracy of the sorbent volume 16. It should be understood, 
however, that other shapes of the tip 12, sorbent volume 16 and filter 14 can be used other 
than the preferred conical shapes. 

[0045] Another advantage of this invention is to provide a cartridge 27 especially suitable 
for SPE that is filled with a sorbent underneath a porous layer 14 that keeps the sorbent 
material 24 in place during the filling of the tip 12 and after the tip has been filled. The 
location of the porous layer 14 on an interior end of the sorbent volume 16 and the passage of 
the fluid in a direction away from the opening 19 in the distal end of the distal end 18, which 
is normally opposite the direction of gravity, also provides a simple and accurate way to 
achieve a sorbent cartridge 27. 

[0046] Another advantage of this invention is to provide a cartridge, which may release 
the sorbent into a vial or reaction vessel for fiuther sample preparation and/or analysis. The 
use of the plunger 40 to draw fluids through the sorbent 24 and into a removable syringe 
(cavity 36 of setter 26) provides an easy and readily accessible way to prepare samples for 
testing and analysis. Further, by pushing on the plunger 40 the sorbent 24 can be expelled 
from the tip 12 for collection and use in chemical analysis. The manually operated plunger 
40 and syringe (setter 26) also provide an inexpensive yet readily available means for 
manually controlling the formation of the sorbent cartridge 27, and the passage of fluids 
through the sorbent cartridge for analysis and removal. 

[0047] Another advantage of this invention is to provide a sorbent cartridge, which may 
be made by an automated sample preparation instrument right before use in the shortest time. 
It is believed possible to draw in the slurry containing the sorbent and form the sorbent 
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cartridge 27 in less than a minute. After discarding the solvent used in the slurry, which 
takes only moments, the sorbent cartridge 27 is ready for immediate use. The time to form 
the sorbent cartridge 27, less than a minute, is a very short time. That short time provides 
great flexibihty as well as significant savings of labor and associated costs. 
[0048] The above description is given by way of example, and not limitation. Given the 
above disclosure, one skilled in the art could devise variations that are within the scope and 
spirit of the invention, including various sequences of sucking in processing fluids through 
the sorbent bed 24 and expelling fluids through the sorbent bed 24. Also, it is believed 
possible, but not preferable, to place the sorbent 24 into the space 12 from the opening 22 
rather than the opening 19 in end 18, and then place the filter 14 into position with any 
excess sorbent material 24 being forced out the opening in the end 18. Further, while this 
invention is described using a manually operated suction means, preferably in the form of a 
syringe, various motor driven suction devices and vacuum pimips could also be used, 
especially where the fluid is not desired to be retained for further analysis. Moreover, the 
various features of this invention can be used alone, or in varying combinations with each 
other and are not intended to be limited to the specific combination described herein. Thus, 
the invention is not to be limited by the illustrated embodiments but is to be defined by the 
following claims when read in the broadest reasonable manner to preserve the validity of the 
claims. 
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